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DESCRIPTION 

ELECTROLYTIC CAPACITOR 

5 This application claims priority to Japanese Patent 

Application No. P2003-369034 filed on October 29, 2003, Japanese 
Patent Application No. P2003-369036 filed on October 29, 2003, 
Japanese Patent Application No. P2003-426354 filed on December 24 , 
2003, Japanese Patent Application No. P2003-426356 filed on 
10 December 24, 2003, U.S. Provisional Application No . 60/516834 filed 
on November 4, 2003, and U.S. Provisional Application No . 60/516766 
filed on November 4, 2003, the entire disclosures of which are 
incorporated herein by reference in their entireties. 

15 Cross Reference to Related Applications 

This application is an application filed under 35 
U.S.C.§lll(a) claiming the benefit pursuant to 35 U. S .C . §119 ( e) ( 1 ) 
of the filing date of Provisional Application No. 60/516834 filed 
on November 4, 2003, and U.S. Provisional Application No . 60/516766 
20 filed on November 4, 2003, pursuant to 35 U.S.C. §111 (b) . 

BACKGROUND OF THE INVENTION 
Field of the Invention 

25 The present invention relates to an electrolytic capacitor 

excellent in heat dissipation perf ormance for use in electronics 
devices and other devices . In this disclosure, language "Aluminum" 
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Description of tlxe Related Art 

5 The following description sets forth the inventor's knowledge 

of related art and problems therein and should not be construed 
as an admission of knowledge in the prior art. 

In most electrolytic capacitors, a capacitor element is 
10 accommodated in a cylindrical external casing having a bottom, and 
electrode terminals are connected to the capacitor element. In 
such electrolytic capacitors, when ripple current is applied for 
a long time period or intense current is applied, the capacitor 
element accommodated therein generates heat. Furthermore, as the 
15 size of an electrolytic capacitor increases, the calorific value 
of the capacitor element further increases . Excessively increased 
temperature of the capacitor elements due to the heat generation 
causes deteriorated electrical characteristics of the capacitor 
such as increased dielectric dissipation factor or decreased 
20 capacitance, and also shortens the useful life of the capacitor. 

To solve the aforementioned problems, conventionally, an 
electrolytic capacitor capable of restraining the temperature rise 
of the capacitor element has been proposed. 

25 

For example, an electrolytic capacitor in which metallic 
collector electrodes are connected to end surfaces of its capacitor 
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element has been proposed (see Japanese Unexamined Laid-open Patent 
Publication No. P2000-77268 (hereinafter "Patent Document 1"), 
claim 1). Another electrolytic capacitor also has been proposed. 
Tn this electrolytic capacitor, a heat absorbing portion of a hsat 
5 pipe is disposed in the core portion of the capacitor element, and 
a heat releasing fin or a heat sink is attached to the heat releasing 
portion of the heat pipe disposed outside the capacitor (see 
Japanese Unexamined Laid-open Patent Publication No. Hll-329899 
(hereinafter "Patent Document 2"), claim 1 and Fig. 1, Japanese 
iO Unexamined Laid-open Patent Publication No. Hll-176697 

(hereinafter "Patent Document 3"), claims 1 and 2 # Fig. 1). 

In an electrolytic capacitor in which a capacitor element is 
accommodated in a cylindrical external casing having a bottom, it 
15 is also known that silicon oil is filled in a gap between the external 
casing and the capacitor element to improve the heat dissipation 
performance (see Japanese Unexamined Laid-open Patent Publication 
No. P2002-110479 (hereinafter "Patent Document 4"), claim 1). 

20 However, in the aforementioned electrolytic capacitors 

disclosed in the aforementioned Patent Documents 1 to 3, it is 
required to manufacture an electrolytic capacitor having a 
capacitor element and/or an inner structure different from that 
of a conventional electrolytic capacitor, which results in 

25 increased manufacturing cost. 

In general, as an external casing, a synthetic resin (polymer) 



3 



WO 2005/041226 PCT/JP2004/0 16385 

casing or a metallic casing is used (see paragraph number of [0018] 
of Patent Document 1) . However, in cases where the synthetic resin 
casing is employed, the synthetic resin casing disturbs the heat 
^.issi^a.tion because of the poor heat conductivity. On the other 
5 hand, in cases where the metallic casing is employed, a synthetic 
resin sleeve 101 is generally provided outside the metallic casing 
100 to establish heat insulation as shown in Fig. 3 (see Patent 
Document 4), In this case, however, the heat dissipation is also 
disturbed by the thin air layer (heat insulation layer) formed 
iO between the metallic casing 100 and the synthetic resin sleeve 101. 

In the electrolytic capacitor disclosed in the aforementioned 
patent document 4, no change in design of the capacitor element 
and/or the inner structure is required. In this sense, it is 

15 preferable, but the heat dissipation was not satisfactory. 

Especially, in recent years, as electrolytic capacitors for 
inverter circuits or AC servomotor driving circuits for use in, 
e.g. , electric automobiles, fuel-cell vehicles, solar energy 
generation systems or industrial power sources , it has been required 

20 to provide an electrolytic capacitor which is excellent in heat 
dissipation and capable of efficiently radiating heat generated 
at the time of impressing heavy current or high ripple current. 
The technique disclosed in the aforementioned patent document 4 
could not meet such a demand. 

25 

The description herein of advantages and disadvantages of 
various features, embodiments, methods, and apparatus disclosed 
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in. other publications is in no way intended to limit the present 
invention. Indeed, certain features of the invention may be 
capable of overcoming certain disadvantages, while still retaining 
some or all of the features, embodiments , methods, and apparatus 
5 disclosed therein. 

SUMMARY OF THE INVENTION 

The preferred embodiments of the present invention have been 
10 developed in view of the above-mentioned and/ or other problems in 
trie related art. The preferred embodiments of the present 
invention can significantly improve upon existing methods and/or 
apparatuses . 

15 Among other potential advantages, some embodiments can 

provide an electrolytic capacitor which is excellent in heat 
dissipation and capable of manufacturing at low cost. 

Among other potential advantages, some embodiments can 
20 provide an electrolytic capacitor which is excellent in heat 

dissipation and capable of efficiently radiating heat generated 
at the time of impressing heavy current or high ripple current. 

According to the present invention, the following means will 
2 5 bo provided - 

[1] An electrolytic capacitor, comprising: 
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an external casing; 

a capacitor element enclosed in the external casing; and 
a heat conductive material having heat conductivity of 1 W/nr 
K or more , 

5 wherein the heat conductive material is disposed between the 

external casing and the capacitor element so as to be in contact 
with the external casing and the capacitor element. 



[2] The electrolytic capacitor as recited in the 
10 aforementioned Item [I], wherein the heat conductive material 

having heat conductivity of 1 W/m-K or more is a heat conductive 
material in which one or more kinds of particles selected from the 
group consisting of an alumina particle, an aluminum nitride, a 
boron nitride particle and a zinc oxide particle are dispersed in 
15 a matrix material. 

[3] The electrolytic capacitor as recited in the 
aforementioned Item [1], wherein the heat conductive material 
having heat conductivity of 1 W/nrK or more is a heat conductive 
20 material in which alumina particles are dispersed in a matrix 
material . 



[4] The electrolytic capacitor as recited in the 
aforementioned Item [ 2 ] or [ 3 ] # wherein an average particle diameter 
25 of the particle is 0.5 to 5 pm. 



[5] The electrolytic capacitor as recited in the 
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aforementioned Item [2] or [3], wherein a content rate of the 
particXe in the heat conductive material is 70 mass% or more. 



[ 6 ] The electrolytic capacitor as recited in the 
5 aforementioned Item [2] or [3], wherein the matrix material is 
silicone oil and/or denatured silicone oil. 

[ 7 ] The electrolytic capacitor as recited in the 
aforementioned Item [2] or [3], wherein the matrix material is 
10 synthetic resin. 

[ 8 ] The electrolytic capacitor as recited in the 
aforementioned Item [7] , wherein the synthetic resin is polyolefin. 

15 [9] The electrolytic capacitor as recited in the 

aforementioned Item [8], wherein the polyolefin is polypropylene 
and/or polyethylene . 

[10] The electrolytic capacitor as recited in any one of the 
20 aforementioned Items [1] to [3], wherein the heat conductive 

material is in contact with the capacitor element by 30% or more 
of a height of the capacitor element. 

[11] The electrolytic capacitor as recited in any one of the 
25 aforementioned Items [1] to [3], wherein the external casing is 
made of aluminum. 
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[12] The electrolytic capacitor as recited in any one of the 
aforementioned Items [1] to [3] , wherein the electrolytic capacitor 
is an aluminum electrolytic capacitor. 

[13] The electrolytic capacitor as recited in any one of the 
aforementioned Items [1] to [3], wherein the capacitor element 
includes an anode foil, a cathode foil and a separator disposed 
between the anode foil and the cathode foil. 

[14] An electrolytic capacitor, comprising: 
an external casing made of aluminum; and 
a capacitor element enclosed in the external casing, 
wherein an external peripheral surface of the external casing 
is covered with an insulation film. 

[15] The electrolytic capacitor as recited in the 
aforementioned Item [ 14] , wherein the insulation film is an aluminum 
oxide film. 

[16] The electrolytic capacitor as recited in the 
aforementioned Item [ 14] , wherein the insulation film is an aluminum 
nitride film. 

[17] An electrolytic capacitor, comprising: 

an external casing made of aluminum; and 

a capacitor element enclosed in the external casing, 

wherein an external peripheral surface of the external casing 
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±s covered with an anodic oxide film formed by a surface treatment. 



[18] An electrolytic capacitor, comprising: 

an external casing made of aluminum ; and 
5 a capacitor element enclosed in the external casing , 

wherein an external peripheral surface of the external casing 
is covered with an aluminum nitride film formed by a surface 
nitriding treatment. 

10 [19] The electrolytic capacitor as recited in any one of the 

aforementioned Items [14] to [18], wherein a thickness of the film 
is 1 to 20 pun. 

[20] The electrolytic capacitor as recited in any one of the 
15 aforementioned Items [14] to [18], further comprising a heat 

conductive material having heat conductivity of 1 W/nrK or more 
disposed between the external casing and the capacitor element so 
as to be in contact with the external casing and the capacitor 
element . 

20 

[21] The electrolytic capacitor as recited in the 
aforementioned Item [20], wherein the heat conductive material 
having heat conductivity of 1 W/nrK or more is a heat conductive 
material in which one or more kinds of particles selected from the 
25 group consisting of an alumina particle, an aluminum nitride 
particle, a boron nitride particle and a zinc oxide particle 
dispersed in a matrix material. 

9 
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[22] The electrolytic capacitor as recited in the 
aforementioned Item [20], wherein the heat conductive material 
havincj hcct conductivity of 1 V»/in*K or more is a heat conductive 
5 material in which alumina particles are dispersed in a matrix 
material . 



[23] The electrolytic 
aforementioned Item [21] or 
10 diameter of the particle is 



capacitor as recited in the 
[22], wherein an average particle 
0.5 to 5pm. 



[24] The electrolytic capacitor as recited in the 
aforementioned Item [21] or [22], wherein a content rate of the 
particle in the heat conductive material is 70 mass! or more. 

[25] The electrolytic capacitor as recited in the 
aforementioned Item [21] or [22], wherein the matrix material is 
silicone oil and/or denatured silicone oil. 



20 [26] The electrolytic capacitor as recited in the 

aforementioned Item [21] or [22], wherein the matrix material is 
synthetic resin. 



[27] The electrolytic capacitor as recited in the 
25 aforementioned Item [26], wherein the synthetic resin is 
polyolef in. 
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[28] The electrolytic capacitor as recited in the 
aforementioned Item [27] , wherein the polyolefin is polypropylene 
and/or polyethylene. 

[29] The electrolytic capacitor as recited in any one of the 
aforementioned Items [20] to [22], wherein the heat conductive 
material is in contact with the capacitor element by 30% or more 
of a height of the capacitor element. 

[30] The electrolytic capacitor as recited in any one of the 
aforementioned Items [14] to [18], wherein the electrolytic 
capacitor is an aluminum electrolytic capacitor. 

[31] The electrolytic capacitor as recited in any one of the 
aforementioned Items [14] to [18], wherein the capacitor element 
includes an anode foil, a cathode foil and a separator disposed 
between the anode foil and the cathode foil. 

According to the invention as recited in Item [1], since a 
tieat conductive material having heat conductivity of 1 W/itrK or more 
±s disposed between the external casing and the capacitor element 
so as to be in connect with them, the heat generated in the capacitor 
element is efficiently transferred to the external casing via the 
heat conductive material and then to the outside to thereby prevent 
the capacitor element from being reached a high temperature, 
resulting in an electrolytic capacitor long in useful time longevity. 
Furthermore, since the electrolytic capacitor is excellent in heat 

11 



WO 2005/041226 PCT/JF2004/0 16385 

dissipation, even in cases where intense current or high ripple 
current ±s applied, the temperature rise of the capacitor element 
can be sufficiently restrained. In addition, since the heat 
dissiDation nan he i.inp!rov^-d by slinply disposing the aforementioned 
5 specific heat conductive material between the external casing and 
the capacitor element without changing the design of the capacitor 
element itself and/ or the inner structure, the electrolytic 
capacitor can be manufactured at low cost. 



10 According to the invention as recited in Item [2], since a 

heat conductive material in which one or more kinds of particles 
selected, from the group consisting of an alumina particle, an 
aluminum nitride particle , a boron nitride particle and a zinc oxide 
particle are dispersed in a matrix material is used as the heat 

15 conduct J_ ve material, in other words, since a heat conductive 

material- in which the aforementioned specific compounds excellent 
in heat conductivity are dispersed in a matrix material, the heat 
generated in the capacitor element is more efficiently transferred 
to the external casing via the heat conductive material and then 

20 to the outside, thereby more efficiently preventing the capacitor 
element from reaching a high temperature. 



According to the invention as recited in Item [3], since, as 
the heat conductive material, a heat conductive material in which 
25 alumina particles are dispersed in a matrix material is used, the 
heat generated in the capacitor element is more efficiently 
transfer-red to the external casing via the heat conductive material 
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and then to the outside, thereby more efficiently preventing the 
capacitor element from reaching a high temperature. 



According to the invention as recited in Item [4], cincc the 
5 average particle diameter of the particle is 0.5 to 5]im, the heat 
dissipation can be further enhanced. 

According to the invention as recited in Item [5], since the 
content rate of the particle in the heat conductive material is 
10 set to be 70 mass% or more, the heat dissipation of the electrolytic 
capacitor can be further enhanced at lower cost. 

According to the invention as recited in Item [6], since 
silicone oil (including denatured type) is used as the matrix 
15 material, the heat dissipation of the electrolytic capacitor can 
be further enhanced. 

According to the invention as recited in Item [7], since 
synthetic resin is used as the matrix material, the heat dissipation 
20 of the electrolytic capacitor can be further enhanced at lower cost . 

According to the invention as recited in Item [8], since 
polyolefln is used as the synthetic resin, the heat dissipation 
of the electrolytic capacitor can be further enhanced. 

25 

According to the invention as recited in Item [9], since 
polypropylene and/or polyethylene is used as the aforementioned 

13 



WO 2005/041226 PCT/JP2004/016385 

polyolef in , the electrolytic capacitor can be manufactured at lower 
cost. Furthermore, since the matrix material includes no-halogen, 
the electrolytic capacitor causes less environmental damage. 

According to the invention as recited in Item [10] , since the 
heat conductive material is in contact with the capacitor element 
by 30% or more of a height of the capacitor, sufficiently excellent 
heat dissipation can be attained. 

According to the invention as recited in Item [11] , since the 
external casing is made of aluminum, weight saving can be attained 
and the Jieat dissipation of the electrolytic capacitor can be 
further enhanced. 

According to the invention as recited in Item [12], an 
electrolytic capacitor with excellent heat releasing 
characteristics can be provided. 

According to the invention as recited in Item [13], an 
electrolytic capacitor with sufficient capacitance and excellent 
heat dissipation performance can be provided. 

According to the invention as recited in Item [14] , since the 
external casing is made of aluminum excellent in heat conductivity 
and the insulation film integrally covers the external peripheral 
surface of the external casing with no air layer formed therebetween, 
the heat generated in the capacitor element is efficiently 

14 
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transferred to the external casing via the heat conductive material 
and then to the outside to thereby prevent the capacitor element 
from reaching a high temperature, resulting in an electrolytic 
r.apani_tor long in useful time longevity. Furthermore, cin.cs the 
5 electrolytic capacitor is excellent in heat dissipation, even in 
cases where intense current or high ripple current is applied, the 
temperature rise of the capacitor element can be sufficiently 
restrained. Furthermore, since the insulation film is formed on 
the external peripheral surface of the external casing, insulation 

10 against the outside can be secured. Furthermore, since the heat 
dissipation can be enhanced by simply forming the insulation film 
on the external surface of the external casing and no design change 
of the capacitor element itself and/or the inner structure itself 
is required, the electrolytic capacitor can be manufactured at lower 

15 cost. 



According to the invention as recited in Item [15] , since the 
insulation film is an aluminum oxide film, insulation against the 
outside can be assuredly secured. 

According to the invention as recited in Item [16] , since the 
insulation film is an aluminum nitride film, insulation against 
the outside can be assuredly secured. 



25 According to the invention as recited in Item [17] , since the 

external casing is made of aluminum excellent in heat conductivity 
and the anodic oxide film integrally covers the external casing 

15 
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witti no air layer formed therebetween, the heat generated in the 
capa.citor element is efficiently transferred to the outside via 
the external casing and the anodic oxide film to thereby prevent 
th.3 capacitor element from reaching a high temperature, resulting 
5 in an electrolytic capacitor long in useful time longevity. 

Furthermore, since the electrolytic capacitor is excellent in heat 
dissipation, even in cases where intense current or high ripple 
current is applied, the temperature rise of the capacitor element 
can be sufficiently restrained. Furthermore, since the insulation 

10 film is made of an anodic oxide film, insulation against the outside 
can be secured. Furthermore, this anodic oxide film is formed by 
subjecting the external peripheral surface of the external casing 
to a surface treatment, sufficient joining strength can be secured 
between the external casing and the anodic oxide film. As a result, 

15 the anodic oxide film would not be exfoliated, resulting in an 
electrolytic capacitor excellent in durability. In addition to the 
above, since the heat dissipation can be enhanced by simply forming 
the anodic oxide film on the external surface of the external casing 
and no design change of the capacitor element itself and/or the 

20 inner structure itself is required, the electrolytic capacitor can 
be manufactured at lower cost. 



According to the invention as recited in Item [18] , since the 
external casing is made of aluminum excellent in heat conductivity 
25 and the aluminum nitride film integrally covers the external casing 
with no air layer formed therebetween, the heat generated in the 
capacitor element is efficiently transferred to the outside via 
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the external casing and the aluminum nitride film to thereby prevent 
the capacitor element from reaching a high temperature, resulting 
in an electrolytic capacitor long in useful time longevity. 
Fnrthp.nnriro m since the electrolytic capacitor is excellent in heat 
5 dissipation, even in cases where intense current or high ripple 
current is applied, the temperature rise of the capacitor element 
can be sufficiently restrained. Furthermore, since the insulation 
film is made of an aluminum nitride film, insulation against the 
outside can be secured assuredly. Furthermore, this aluminum 

10 nitride film is formed by subjecting the external peripheral surface 
of the external casing to a surface nitriding treatment, sufficient 
joining stzrength can be secured between the external casing and 
the aluminum nitride film. As a result, the aluminum nitride film 
would not t>e exfoliated, resulting in an electrolytic capacitor 

15 excellent in durability. In addition to the above, since the heat 
dissipation can be enhanced by simply forming the aluminum nitride 
film on the external surface of the external casing and no design 
change of the capacitor element itself and/or the inner structure 
itself is required, the electrolytic capacitor can be manufactured 

20 at lower cost. 



According to the invention as recited in Item [19] , excellent 
heat dissipation can be secured with sufficient insulation against 
the outside - 

According to the invention as recited in Item [20], since a 
heat conductive material having heat conductivity of 1 W/nrK or more 
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is disposed between the external casing and the capacitor element 
so as to be in contact with the external casing and the capacitor 
element , the heat generated in the capacitor element is efficiently 
+" ra .n?f erred to the outside via the heat conductive material to 
thereby further enhancing the heat dissipation performance. 

According to the invention as recited in Item [21], since a 
heat conductive material in which one or more kinds of particles 
selected from the group consisting of an alumina particle, an 
aluminum nitride particle, a boron nitride particle and a zinc oxide 
particle are dispersed in a matrix material is used as the heat 
conductive material, in other words, since a heat conductive 
material in which the aforementioned specific compounds excellent 
in heat conductivity are dispersed in a matrix material, the heat 
generated in the capacitor element is more efficiently transferred 
to the external casing via the heat conductive material and then 
to the outside, thereby more efficiently preventing the capacitor 
element from reaching a high temperature. 

According to the invention as recited in Item [22], since a 
heat conductive material in which alumina particles are dispersed 
in a matrix material is used as the heat conductive material, the 
heat generated in the capacitor element is more efficiently 
transferred to the external casing via the heat conductive material 
and then to the outside, thereby more efficiently preventing the 
capacitor element from reaching a high temperature. 
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According to the invention as recited in Item [23] , since the 
average particle diameter of the particle is 0.5 to 5pm , the heat 
dissipation can be further enhanced. 

According to the invention as recited in Item [24] , since the 
content rate of the particle in the heat conductive material is 
set to be 70 mass% or more, the heat dissipation of the electrolytic 
capacitor can be further enhanced at lower cost . 

According to the invention as recited in Item [25], since 
silicone oil (including denatured type) is used as the matrix 
material, the heat dissipation of the electrolytic capacitor can 
be further enhanced. 

According to the invention as recited in Item [26], since 
synthetic resin is used as the matrix material, the heat dissipation 
of the electrolytic capacitor can be further enhanced at lower cost. 

According to the invention as recited in Item [27], since 
polyolefin is used as the matrix material, the heat dissipation 
of the electrolytic capacitor can be further enhanced. 

According to the invention as recited in Item [28], since 
polypropylene and/or polyethylene is used as the aforementioned 
polyolefin, the electrolytic capacitor can be manufactured at low 
cost. Furthermore, since the matrix material includes no-halogen, 
the electrolytic capacitor causes less environmental damage. 

19 
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According to the invention as recited in Item [291 . since the 
heat conductive material is in contact with the capacitor element 
\yvr 30% or more of a height of the capacitor, excellent heat 
5 dissipation, can be attained with less amount of heat conductive 
material. 



According to the invention as recited in Item [30], an 
electrolytic capacitor excellent in heat dissipation performance 
10 can be provided. 



According to the invention as recited in Item [31], an 
electrolytic capacitor with sufficient capacitance and excellent 
heat dissipation performance can be provided. 

15 

The above and/or other aspects, features and/or advantages 
of various embodiments will be further appreciated in view of the 
following description in conjunction with the accompanying figures. 
Various embodiments can include and/or exclude different aspects, 
20 features and/or advantages where applicable. In addition, 

various embodiments can combine one or more aspect or feature of 
other embodiments where applicable. The descriptions of aspects, 
features and/or advantages of particular embodiments should not 
be construed as limiting other embodiments or the claims. 

25 



BRIEF DESCRIPTION OF THE DRAWINGS 
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The preferred embodiments of the present invention are shown 
by way of example, and not limitation, in the accompanying figures, 

in which ' 

Fig. 1 is a vertical cross -sectional view showing an 
embodiment of an electrolytic capacitor according to a first 
invention; 



10 Fig. 2 is a vertical cross-sectional view showing an 

embodiment of an electrolytic capacitor according to a second 
invention; and 



Fig. 3 is a vertical cross-sectional view showing a 
15 conventional electrolytic capacitor. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



20 In tlie following paragraphs, some preferred embodiments of 

the invention will be described by way of example and not limitation . 
It should be understood based on this disclosure that various other 
modifications can be made by those in the art based on these 
illustrated embodiments . 

25 

An electrolytic capacitor 1 according to the present 
invention can be any electrolytic capacitor required to have heat 
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dissipation performance. For example, a capacitor using a valve 
action metal, a ceramics capacitor, a film capacitor and a styrol 
capacitor can be exemplified- Among other things , the electrolytic 
capacitor of the present invention can be preferably applied to 
5 a capacitor using a valve action metal, e.g. , an aluminum 

electrolytic capacitor, a tantanium electrolytic capacitor, a 
niobium series (including niobium oxide) capacitor. The 
aforementioned valve action metal denotes a metal in which an oxide 
film to be formed on the metal has a rectifying action or a 
10 characteristic which allows electric current in one direction but 
hardly allows electric current in the other direction. 



Fig. 1 shows a cross -section of an electrolytic capacitor 1 
according to an embodiment of a first invention. This electrolytic 

15 capacitor 1 is an aluminum electrolytic capacitor including a 

capacitor element 2, a cylindrical external casing 3 with a bottom 
accommodating tine capacitor element 2, an electric insulation cap 
6 closing the upper opened portion of the external casing 3, a pair 
of electrical terminals 7 and 7 penetrating the cap 6, lead lines 

20 8 and 8 each connecting the capacitor element 2 to the lower end 
portion of the corresponding electrical terminal 7. Within a gap 
formed between the external casing 3 and the capacitor element 2, 
heat conductive material 5 having heat conductivity of 1 W/m # K or 
more is filled so as to be in contact with the external casing 3 

25 and the capacitor* element 2. In this electrolytic capacitor 1, the 
heat generated in the capacitor element 2 is efficiently transferred 
to the external casing 3 via the heat conductive material 5 and 
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then to the outside to thereby prevent the capacitor element 2 from 
reaching a high temperature , resulting in an electrolytic capacitor 
long in useful time longevity. Furthermore, since the electrolytic 
o^L^acitor 1 is excellent in heat dissipation , even in cases T /7here 
5 intense current or high ripple current is applied, the temperature 
rise of the capacitor element 2 can be sufficiently restrained. 

The capacitor element 2 includes an anode foil and a cathode 
foil wounded with a separator disposed therebetween . The capacitor 
10 element 2 is impregnated with electrolytic solution. 

As tfre external casing 3 , it is preferably to employ a metallic 
one, and more preferably, an aluminum one. In cases where aluminum 
one is employed, the electrolytic capacitor 1 can be light in weight , 
15 and also can be improved in heat dissipation performance. 

As the heat conductive material 5 having heat conductivity 
of 1 W/m-K or more, it is preferable to employ a heat conductive 
material in which one or more kinds of particles selected from the 

20 group consisting of an alumina particle, an aluminum nitride 

particle, a boron nitride particle and a zinc oxide particle are 
dispersed in a matrix material. In this case, the heat generated 
in the capacitor element 2 is more efficiently transferred to the 
external casing 3 via the heat conductive material 5 and then to 

25 the outside, thereby more efficiently preventing the capacitor 
element 2 from reaching a high temperature. Among other things, 
as the heat conductive material 5, it is especially preferable to 

23 



WO 2005/041226 



PCT/JP2004/0 16385 



employ a heat conductive material in which alumina particles are 
dispersed in a matrix material. In this case, it is possible to 
more efficiently prevent the capacitor element 2 from reaching a 

hx^jh temperature . 

5 

The average particle diameter of the particle preferably 
falls within the range of from 0.5 to 5pm. If it is less than O.Siam, 
it is not preferable since there is the possibility that the 
particles become easily agglutinated in the matrix material. On 

10 the other hand, if it exceeds Spun, it is not preferable because 
of the following reasons. The dispersion stability of the 
particles in the matrix material deteriorates , which may sometimes 
cause the particles to be easily deposited in the matrix member. 
This in turn makes it difficult to transfer the heat generated in 

15 the capacitor element 2 to the external casing 3. Especially, it 
is preferable that the average particle diameter of the particle 
falls within the xrange of from 1 to 4pm 

The content rate of the particle in the heat conductive 
20 material 5 is preferably set to be 70 mass% or more. If it is less 
than 70 mass%, it is not preferable because there is a possibility 
that excellent heat dissipation performance cannot be obtained. 
The upper limit of the content rate of the particle is 90 mass% 
or less. If it exceeds 90 mass%, the fluidity deteriorates, 
25 resulting in deteriorated heat conductivity, and therefore it is 
not preferable that the content rate exceeds 90 mass%. 
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Although the matrix material is not limited to a specific one , 
for example, denatured silicone oil such as alkyl denatured silicone 
oil or epoxy denatured silicone oil as well as silicone oil can 
ho T\r**f ersbly used. Air.cn cj other things, it is more preferable to 
5 use denatured silicone oil. In this case, the heat conduction due 
to the heat convection of the matrix material will be effectively 
enhanced, which further enhances the heat dissipation of the 
electrolytic capacitor . 

10 As the matrix material, other than the above -exemplified 

compounds, various synthetic resins, such as aliphatic resin 
(polyolefin, etc), unsaturated polyester resin, acrylic resin, 
meta-acrylic resin, vinylester resin, epoxy resin or silicone resin, 
can be used. The aforementioned synthetic resin can be low 

15 molecular weight resin, and can also be high molecular weight resin. 
Furthermore, the synthetic resin can be any one of oil-like resin, 
rubber-like resin" and solid resin. Among these synthetic resins, 
polyolefin is preferable. More preferable resins are 
polypropylene and polyethylene. 

20 

In the first invention, the heat conductive material 5 is 
filled between the external casing 3 and the capacitor element 2. 
The filling height of the heat conductive material 5 is preferably 
30% or more of the height of the capacitor element 2 . In other words , 
25 it is preferable that the heat conductive material 5 is in contact 
with the capacitor element 2 by 30% or more of the height of the 
capacitor element 2. This structure secures sufficient heat 
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Fig. 2 shows a cross -sectional view of an electrolytic 
capacitor 1 according tc an embodiment of a second invention. This 
5 electrolytic capacitor 1 is an aluminum electrolytic capacitor 
including a capacitor element 2, a cylindrical external casing 3 
with a bottom accommodating the capacitor element 2, an insulation 
film 4 formed on the external peripheral surface of the external 
casing 3, an electric insulation cap 6 closing the upper opened 

10 portion of the external casing 3 # a pair of electrical terminals 
7 and 7 penetrating the cap 6, lead lines 8 and 8 each connecting 
the capacitor element 2 to the lower end portion of the corresponding 
electrical terminal 7. The insulation film 4 integrally covers the 
external peripheral surface of the external casing 3 without 

15 intervening an air layer therebetween. The capacitor element 2 
includes an anode foil and a cathode foil wounded with a separator 
disposed therebetween. The capacitor element 2 is impregnated with 
electrolytic solution . 



20 In this electrolytic capacitor 1, since the external casing 

3 is made of aluminum excellent in heat conductivity and the 
insulation f ilm 4 integrally covers the external casing 3 without 
intervening an air layer therebetween, the heat generated in the 
capacitor element 2 will be released outside efficiently via the 

25 external casing 3 and the insulation film 4. This prevents the 
capacitor element 2 from reaching a high temperature . Fur thermore , 
since the insulation film 4 is formed on the external peripheral 

26 
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surface of the external casing 3, insulation against outside can 
be secured. 



Fii*ri* , h A*rTnr>T^» ^ -i n this omhAH *i -h _ the electrolytic capacitor 
5 is constituted suctx that heat conductive material 5 having heat 
conductivity of 1 W/nrK or more is filled in the gap formed between 
the external casing 3 and the capacitor element 2 so as to be in 
contact with them, "the heat generated in the capacitor element 2 
is efficiently transferred to the external casing 3 via the heat 
10 conductive material 5. Therefore, the heat dissipation of the 
electrolytic capacitor 1 can be further enhanced. 

In this second invention, the thickness of the insulation film 
4 is preferably set izo be 1 to 20pm because of the following reasons. 

15 If the thickness is less than 1 pm, the insulation film 4 may fall 
off when other objeots come into contact with the insulation film 
to cause insulation failure. On the other hand, if it exceeds 20pm, 
the insulation film 4 itself may function as thermal resistance 
to deteriorate the fcieat dissipation. Especially, it is preferable 

20 to set the thickness of the insulation film 4 to be 3 to 10pm. 

Although the insulation film 4 is not limited to a specific 
one, an aluminum oxide film or an aluminum nitride film can be 
preferably used as the insulation film 4. In the case of the 
25 aluminum oxide film or the aluminum nitride film, secure insulation 
can be attained. Ofclier than the above, a coating formed by applying 
paint having insulation performance on the external casing 3 can 
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be also used as the insulation film 4 . Furthermore, such insulation 
coating can be integrally laminated on the aluminum oxide film or 
the aluminum nitride film. 



5 The aforementioned aluminum oxide film 4 can be integrally 

formed on the external casing 3 without intervening an air layer 
by subjecting the external surface of the aluminum external casing 
3 to a surface treatment (e.g., anodizing). In cases where the 
aluminum oxide film 4 is formed by the surface treatment, sufficient 
10 bonding strength between the external casing 3 and the aluminum 
oxide film 4 can be obtained. 



The aforementioned aluminum nitride film 4 can be integrally 
formed on the external casing 3 without intervening an air layer 

15 by subjecting the external surface of the aluminum external casing 
3 to a surface nitriding treatment (e.g. , heat treatment under the 
nitride atmosphere) . In cases where the aluminum nitride film 4 
is formed by the surface treatment, sufficient bonding strength 
between the external casing 3 and the aluminum nitride film 4 can 

20 be obtained. 



In this embodiment , although the insulation film 4 is formed 
on the entire external peripheral surface of the external casing 
3, the present invention is not limited to such a structure. For 
25 example, it is possible to employ such a structure that the 

insulation film 4 is formed on a part of the external peripheral 
surface of the external casing 3 . From the viewpoint of enhancing 
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the heat dissipation, however, the insulation film 4 is preferably 
formed on the entire external peripheral surface of the external 
casing 3 . 



5 In the second invention, as the heat conductive material 5 

having heat conductivity of 1 W/nrK or more, the same material as 
in the first invention, can be exemplified. That is, as the heat 
conductive material 5 having heat conductivity of 1 W/m*K or more, 
it is preferable to employ the heat conductive material in which 

10 one or more kinds of particles selected from the group consisting 
of an alumina particle, an aluminum nitride particle, a boron 
nitride particle and a zinc oxide particle are dispersed in a matrix 
material* In this case , the heat generated in the capacitor element 
2 is more efficiently transferred to the external casing 3 via the 

15 heat conductive material 5 and then to the outside, thereby more 
efficiently preventing the capacitor element 2 from reaching a high 
temperature. Among other things, as the heat conductive material 
5, it is especially preferable to employ a heat conductive material 
in which alumina particles are dispersed in a matrix material. In 

20 this case, it is possible to more efficiently prevent the capacitor 
element 2 from reaching a high temperature. 



The average particle diameter of the particle preferably 
falls within the range of from 0.5 to 5]im. The reasons why the 
25 particle falling within this range is preferable are the same as 
those in the first invention. Especially, it is preferable that 
the average particle diameter of the particle falls within the range 
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of from 1 to 4pm. Furthermore, the content rate of the particle 
in the heat conductive material 5 is preferably set to be 70 mass% 
or more. If it is less than 70 mass% # it is not preferable because 
thftrA i « possibility that excellent heat dissipation, cannot be 
5 obtained. The upper limit of the content rate of the particle is 
preferably 90 mass% or less. If it exceeds 90 mass%, the fluidity 
deteriorates, resulting in deteriorated heat conductivity, and 
therefore it is not preferable that the content rate exceeds 90 
mass%. 

10 

Although the matrix material is not limited to a specific one, 
for example, denatured silicone oil such as alkyl denatured silicone 
oil or epoxy denatured silicone oil as well as silicone oil can 
be preferably used. Among other things, it is more preferable to 
15 use denatured silicone oil. In this case, the heat conduction due 
to the heat convection of the matrix material 5 will be effectively 
enhanced, which further enhances the heat dissipation of the 
electrolytic capacitor 1 . 



20 As the matrix material, other than the above -exemplified 

compounds, various synthetic resins, such as aliphatic resin 
(polyolefin, etc), unsaturated polyester resin, acrylic resin, 
meta-acrylic resin , vinylester resin, epoxy resin or silicone resin, 
can be used. The aforementioned synthetic resin can be low 

25 molecular weight resin, and can also be high molecular weight resin. 
Furthermore, the synthetic resin can be any one of oil-like resin, 
rubber-like resin and solid resin. Among these synthetic resins, 
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polyolefin is preferable. More preferable resins are 
polypropylene and polyethylene. 

In "the second invention, in c^scc v^iiors the heat conductive 
5 material 5 is filled between the external casing 3 and the capacitor 
element 2, the filling height of the heat conductive material 5 
is preferably 30% or more of the height of the capacitor element 
2. In other words, it is preferable that the capacitor element 2 
is in contact with the heat conductive material 5 by 30% or more 
10 of the height of the capacitor element 2. This structure secures 
sufficient heat dissipation. 



The electrolytic capacitor according to the present invention 
is not limited to the aforementioned embodiments and can be any 

15 modifications thereof. For example, in the aforementioned 

embodiments, although the pair of electrical terminals 7 and 7 are 
provided at the upper portion of the electrolytic capacitor, it 
can be constituted such that one of the electrical terminals is 
provided at the upper portion of the electrolytic capacitor and 

20 the other is provided at the lower portion of the electrolytic 
capacitor . 



Concrete examples of the present invention will be explained 
as follows. 

25 

< Example 1> 

An electrolytic capacitor as shown in Fig. 1 was manufactured. 

31 



WO 2005/041226 PCT/JP2004/0 16385 

The external casing 3 was made of vinyl chloride resin. As the heat 
conductive material 5 , a heat conductive material in which alumina 
particles (average parti_cle diameter was 2.5pm) of 80 mass% were 
dispersed in a Tnafri-v m^t^rial was used. This heat conductive 
5 material was filled up to the position which is 80% of the height 
of the capacitor element 2 . 

<Example 2> 

An electrolytic capacitor was obtained in the same manner as 
10 in Example 1 except that alumina particles whose average particle 
was 1 . 0pm were used as the aforementioned alumina particles . 

< Example 3> 

An electrolytic capacitor was obtained in the same manner as 
15 in Example 1 except that alumina particles whose average particle 
was 3.0pm were used as the aforementioned alumina particles. 

<Example 4> 

An electrolytic capacitor was obtained in the same manner as 
20 in Example 1 except that alumina particles whose average particle 
was 4.0pm were used as the aforementioned alumina particles. 

< Example 5> 

An electrolytic capacitor was obtained in the same manner as 
25 in Example 1 except that *the content rate of the alumina particles 
was set to be 70 mass%. 
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< Example 6> 

An electrolytic capacitor was obtained in the same manner as 
in Example 1 except that the content rate of the alumina particles 

was .Qp.t; to be 85 ni2.ss%- 

5 

<Example 7> 

An electrolytic capacitor was obtained in the same manner as 
in Example 1 except that the content rate of the alumina particles 
was set to be 90 mass!. 

10 

< Example 8> 

An electrolytic capacitor was obtained in the same manner as 
in Example 1 except that aluminum nitride particles whose average 
diameter was 1.5pm were used as the aforementioned particles in 
15 place of the alumina particles whose average particle diameter was 
2.5pm. 



<Example 9> 

An electrolytic capacitor was obtained in the same manner as 
20 in Example 1 except that boron nitride particles whose average 
diameter was 2.0pm were used as the aforementioned particles in 
place of the alumina particles whose average particle diameter was 
2 . 5pm. 

25 <Example 10> 

An electrolytic capacitor was obtained in the same manner as 
in Example 1 except that zinc oxide particles whose average diameter 
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was 2.0pm were used as the aforementioned particles in place of 
the alumina particles whose average particle diameter was 2.5pm. 



< Example 11> 

5 An electrolytic capacitor was obtained in the same manner as 

in Example 1 except that silicone oil was used in place of the 
aforementioned denatured silicone oil. 

< Example 12 > 

10 An electrolytic capacitor was obtained in the same manner as 

in Example 1 except that polypropylene was used in place of the 
aforementioned denatured silicone oil. 

< Example 13> 

15 An electrolytic capacitor was obtained in the same manner as 

in Example 5 except that polypropylene was used in place of the 
aforementioned denatured silicone oil. 

< Example 14 > 

20 An electrolytic capacitor was obtained in the same manner as 

in Example 7 except that polypropylene was used in place of the 
aforementioned denatured silicone oil. 

< Example 15> 

25 An electrolytic capacitor was obtained in the same manner as 

in Example 8 except that polypropylene was used in place of the 
aforementioned denatured silicone oil. 
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< Example 16 > 

An electrolytic capacitor was obtained in the same manner as 
i n Rvamni <=* q except "tha.t polypropylene wsc used in pla.ee cf the 
5 aforementioned denatured silicone oil. 

< Example 17 > 

An electrolytic capacitor was obtained in the same manner as 
in Example 10 except that polypropylene was used in place of the 
10 aforementioned denatured silicone oil. 

<Example 18 > 

An electrolytic capacitor was obtained in the same manner as 
in Example 1 except that polyethylene was used in place of the 
15 aforementioned denatured silicone oil. 

< Comparative Example 1> 

An electrolytic capacitor was obtained in the same manner as 
in Example 1 except -that denatured silicone oil (not including 
20 alumina particles) was used as the heat conductive material. 

< Comparative Example 2> 

An electrolytic capacitor was obtained in the same manner as 
in Example 12 except that polypropylene (not including alumina 
25 particles) was used as the heat conductive material. 

With respect to the electrolytic capacitors obtained as 
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mentioned above, the heat dissipation property was evaluated in 
accordance with the following evaluation method. The results are 
shown in Tables 1 to 3 . 

<Heat Dissipation Property Evaluation Method> 

Ripple current 5A was applied to each capacitor element with 
the electrolytic capacitor disposed under the condition of ambient 
temperature of 35 °C to generate heat, and the temperature (maximum 
raised temperature) of this capacitor element at that time was 
measured. The temperature of the capacitor element was measured 
by using a thermocouple thermometer . 
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As will t>e apparent from Tables 1 to 3, the electrolytic 
capacitors of Examples 1 to 18 according to the present invention 
were excellent in heat dissipation property , and the temperature 
rise due to the heat generated in the capacitor clement was 
5 effectively suppressed. To the contrary, in the electrolytic 
capacitors of Comparative Examples 1 and 2, the heat dissipation 
property was insufficient, and the temperature rise due to the heat 
generated in tlie capacitor element was large. 

10 < Example 19 > 

An electrolytic capacitor as shown in Fig. 2 was manufactured. 
In manufacturing the capacitor, silicone oil (not including 
particles) was used as the heat conductive material 5, and the 
external casing 3 made of aluminum was used. The external casing 

15 3 was subjected, to a surface treatment (anodizing) under the 
conditions of sulfuric acid concentration of 15%, liquid 
temperature of 20°C, and current density of 1.5 A/dm 2 , to thereby 
form a 5pm thick aluminum oxide film 4 on the external peripheral 
surface of the external casing 3 . A heat conductive material was 

20 filled between the capacitor element 2 and the external casing 3 
so that the heat conductive material comes into contact with the 
capacitor element 2 by 80% of the height of the capacitor element. 

< Example 20 > 

25 An electrolytic capacitor was obtained in the same manner as 

in Example 19 except that the thickness of oxide aluminum film to 
be formed is set to be lOpim. 



WO 2005/041226 



PCT/JP2004/016385 



<Example 21> 

An electrolytic capacitor was obtained in the same manner as 
in Example 19 except that the thickness of oxide aluminum JTilm Lo 
5 be formed is set to be 15pm. 



< Example 22 > 

An electrolytic capacitor as shown in Fig. 2 was manufactured. 
In manufacturing the capacitor, silicone oil (not including 

10 particles) was used as the heat conductive material 5, and the 
external casing 3 made of aluminum was used. The external casing 
3 was subjected to a surface nitriding treatment (heat treatment 
under nitrogen atmosphere) under the conditions of nitriding 
temperature of 450°C and holding hours of 8 hours, to thereby form 

15 a 3jim thick aluminum nitride film 4 on the external peripheral 
surface of the external casing 3. A heat conductive material was 
filled between the capacitor element 2 and the external casing 3 
so that the heat conductive material comes into contact with the 
capacitor element 2 by 80% of the height of the capacitor element. 

20 

< Example 23 > 

An electrolytic capacitor was obtained in the same manner as 
in Example 19 except that the thickness of aluminum nitride film 
to be formed, is set to be 8pm. 

25 

< Example 24 > 

An electrolytic capacitor was obtained in the same manner as 
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in Example 19 except that the thickness of aluminum nitride film 
to be formed is set to be 13pm. 

< Example 25 > 

5 An electrolytic capacitor was obtained in the same manner as 

in Example 19 except that a heat conductive material in which alumina 
particles having an average particle diameter of 2.5pm were 
dispersed, in epoxy denatured silicone oil was used as the heat 
conductive material to be filled between the external casing and 
10 the capacitor clement so as to be in contact with them. The content 
rate of tlie alumina particle in the heat conductive material was 
80 mass%. The heat conductive material was filled such that the 
heat conductive material comes into contact with the capacitor 
element by 80% of the height of the capacitor element. 

15 

< Example 26 > 

An electrolytic capacitor was obtained in the same manner as 
in Example 25 except that a heat conductive material in which 
aluminum nitride particles having an average particle diameter of 
20 1.5pm (the content rate of the aluminum nitride particle was 80 
mass%) were dispersed in epoxy denatured silicone oil was used as 
the heat conductive material. 

< Example 27> 

25 An electrolytic capacitor was obtained in the same manner as 

in Example 25 except that a heat conductive material in which boron 
nitride pax-ticles having an average particle diameter of 2.0pm (the 
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content rate of the boron nitride particle was 80 mass%) were 
dispersed in epoxy denatured silicone oil was used as the heat 
conductive material. 

< Example 28> 

An electrolytic capacitor was obtained in the same manner as 
in Example 25 except that a heat conductive material in which zinc 
oxide particles having an average particle diameter of 2.0jim (the 
content rate of the zinc oxide particle was 90 mass%) were dispersed 
in epoxy denatured silicone oil was used as the heat conductive 
material . 

<Example 29 > 

An electrolytic capacitor was obtained in the same manner as 
in Example 25 except that silicone oil was used in place of the 
denatured silicone oil. 

<Example 30 > 

An electrolytic capacitor was obtained in the same manner as 
in Example 22 except that a heat conductive material to be filled 
between the external casing and the capacitor element so as to be 
in contact with them in which alumina particles having an average 
particle diameter of 2 . 5pm were dispersed in epoxy denatured 
silicone oil was used as the heat conductive material. The content 
rate of the epoxy denatured silicone oil was 80 mass% . Furthermore, 
the heat conductive material was filled such that the heat 
conductive material came into contact with the capacitor element 
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by 80% of tlie height of the conductive material. 



<Example 31 > 

An electrolytic capacitor v;ac obtained in the same manner as 
5 in Example 30 except that a heat conductive material in which 
aluminum nitx-ide particles having an average particle diameter of 
1.5pm (the content rate of the aluminum nitride particle was 80 
mass%) were dispersed in epoxy denatured silicone oil was used as 
the heat conductive material. 

10 

<Example 32 > 

An electrolytic capacitor was obtained in the same manner as 
in Example 30 except that a heat conductive material in which boron 
nitride particles having an average particle diameter of 2.0]am (the 
15 content rate of the boron nitride particle was 80 mass%) were 
dispersed in epoxy denatured silicone oil was used as the heat 
conductive material. 



< Example 33 > 

20 An electrolytic capacitor was obtained in the same manner as 

in Example 3 0 except that a heat conductive material in which zinc 
oxide particles having an average particle diameter of 2.0pm (the 
content rate of the zinc oxide particle was 90 mass%) were dispersed 
in epoxy denatured silicone oil was used as the heat conductive 

25 material. 



< Example 34 > 
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An electrolytic capacitor was obtained in the same manner as 
in Example 30 except that silicone oil was used in place of the 
denatured silicone oil. 

5 <Example 35 > 

An electrolytic capacitor was obtained in the same manner as 
in Example 2 5 except that a heat conductive material in which alumina 
particles having an average particle diameter of 2.5pm (the content 
rate of the alumina particle was 80 mass%) were dispersed in 
10 polypropylene was used as the heat conductive material. 

<Example 36 > 

An electrolytic capacitor was obtained in the same manner as 
in Example 25 except that a heat conductive material in which alumina 
15 particles having an average particle diameter of 2.5pm (the content 
rate of the alumina particle was 70 mass%) were dispersed in 
polypropylene was used as the heat conductive material. 

< Example 37 > 

20 An electrolytic capacitor was obtained in the same manner as 

in Example 25 except that a heat conductive material in which alumina 
particles having an average particle diameter of 2.5pm (the content 
rate of the alumina particle was 90 mass%) were dispersed in 
polypropylene was used as the heat conductive material. 

25 

<Example 38 > 

An electrolytic capacitor was obtained in the same manner as 
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in Example 25 except that a heat conductive material in which 
aluminum nitride particles having an average particle diameter of 
1.5pm (the content rate of the aluminum nitride particle was 80 
mass*) w^ft dispersed in polypropylene epexy was used as the heat 
conductive material. 

< Example 39 > 

An electrolytic capacitor was obtained in the same manner as 
in Example 25 except that a heat conductive material in which boron 
nitride particles having an average particle diameter of 2.0pm (the 
content rate of the aluminum nitride particle was 80 mass%) were 
dispersed in polypropylene epoxy was used as the heat conductive 
material . 

< Example 4 0> 

An electrolytic capacitor was obtained in the same manner as 
in Example 25 except that a heat conductive material in which zinc 
oxide particles having an average particle diameter of 2.0pm (the 
content rate of the zinc oxide particle was 80 mass%) were dispersed 
in polypropylene was used as the heat conductive material. 

< Example 41> 

An electrolytic capacitor was obtained in the same manner as 
in Example 25 except that a heat conductive material in which alumina 
particles having an average particle diameter of 2.5pm (the content 
rate of th.e alumina particle was 80 mass%) were dispersed in 
polyethylene was used as the heat conductive material. 
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< Example 42 > 

An electrolytic capacitor was obtained in the same manner as 
In Example 30 except that a heat conductive material in which alumina 
5 particles having an average particle diameter of 2.5pm (the content 
rate of the alumina particle was 80 mass%) were dispersed in 
polypropylene was used as the heat conductive material. 

<Example 43 > 

10 An electrolytic capacitor was obtained in the same manner as 

in Example 30 except that a heat conductive material in which alumina 
particles having an average particle diameter of 2.5pm (the content 
rate of the alumina particle was 70 mass%) were dispersed in 
polypropylene was used as the heat conductive material. 

15 

< Example 44 > 

An electrolytic capacitor was obtained in the same manner as 
in Example 30 except that a heat conductive material in which alumina 
particles having an average particle diameter of 2 . 5pm ( the content 
20 rate of the alumina particle was 90 mass%) were dispersed in 
polypropylene was used as the heat conductive material. 

< Example 45 > 

An electrolytic capacitor was obtained in the same manner as 
25 in Example 30 except that a heat conductive material in which 

aluminum nitride particles having an average particle diameter of 
1.5pm (ttie content rate of the aluminum nitride particle was 80 
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mass!) were dispersed in polypropylene was used as the heat 
conductive material. 



< Example 46^ 

5 An electrolytic capacitor was obtained in the same manner as 

in Example 30 except that a heat conductive material in which boron 
nitride particles having an average particle diameter of 2.0pm (the 
content rate of the boron nitride particle was 80 mass%) were 
dispersed in polypropylene was used as the heat conductive material . 

10 

<Example 47> 

An electrolytic capacitor was obtained in the same manner as 
in Example 30 except that a heat conductive material in which zinc 
oxide particles having an average particle diameter of 2.0pm (the 
15 content rate of the zinc oxide particle was 80 mass%) were dispersed 
in polypropylene was used as the heat conductive material. 

<Example 48 > 

An electrolytic capacitor was obtained in the same manner as 
20 in Example 30 except that a heat conductive material in which alumina 
particles having an average particle diameter of 2.5pm (the content 
rate of the alumina particle was 80 mass%) were dispersed in 
polyethylene was used as the heat conductive material. 

25 <Comparative Example 3> 

An electrolytic capacitor as shown in Fig. 3 was manufactured. 
In manufacturing the capacitor, silicone oil (not including 
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particles) was used as the heat conductive material 5, and the 
external casing 100 made of aluminum was used. On the outside of 
the external casing 100 , a sleeve 101 made of vinyl chloride resin 
was -F.ittiftri . 

Witti respect to the electrolytic capacitors obtained as 
mentioned above, the heat dissipation property was evaluated in 
accordance with the aforementioned heat dissipation property 
evaluation method. The results are shown in Tables 4 to 8. 
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As will be apparent from Tables 4 to 8, the electrolytic 
capacitors of Examples 19 to 48 according to the present invention 
were excellent in heat dissipation property, and the temperature 
rise due to the heat generation of the ce.ps.citor element wae 
5 effectively suppressed. In the electrolytic capacitors of 

Comparative Examples 25 to 48 in which a heat conductive material 
having heat conductivity of 1 W/m-K or more, the temperature rise 
due to the heat generation of the capacitor element was more 
effectively suppressed. To the contrary, in the electrolytic 
10 capacitor of Comparative Example 3, the heat dissipation property 
was insufficient, and the temperature rise due to the heat 
generation of the capacitor element was large. 

Industrial Applicability 

15 The electrolytic capacitor according to the present invention 

is excellent in heat dissipation property and long in useful time 
longevity, and therefore it can be preferably utilized in 
electronics devices for example. 

20 While the present invention may be embodied in many different 

forms , a number of illustrative embodiments are described herein 
with the understanding that the present disclosure is to be 
considered as providing examples of the principles of the invention 
and such examples are not intended to limit the invention to 

25 preferred embodiments described herein and/or illustrated herein. 

While illustrative embodiments of the invention have been 
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described herein , the present invention is not limited to the 
various preferred embodiments described herein, but includes any 
and all embodiments having equivalent elements, modifications, 
o m issions , combinations (e.g. w of aspects across various 
5 embodiments), adaptations and/or alterations as would be 

appreciated by those in the art based on the present disclosure. 
The limitations in the claims are to be interpreted broadly based 
on the language employed in the claims and not limited to examples 
described in the present specification or during the prosecution 

10 of the application, which examples are to be construed as 

non-exclusive. For example, in the present disclosure, the term 
"preferably" is non-exclusive and means "preferably, but not 
limited to. " In this disclosure and during the prosecution of this 
application, means -plus -function or step-plus -function 

15 limitations will only be employed where for a specific claim 

limitation all of the following conditions are present in that 
limitation: a) "means for" or "step for" is expressly recited; b) 
a corresponding function is expressly recited; and c) structure, 
material or acts that support that structure are not recited. In 

20 this disclosure and during the prosecution of this application, 
the terminology "present invention" or "invention" is meant as a 
non-specific, general reference and may be used as a reference to 
one or more aspect within the present disclosure. The language 
present invention or invention should not be improperly interpreted 

25 as an identification of criticality, should not be improperly 

interpreted as applying across all aspects or embodiments (i.e., 
it should be understood that the present invention has a number 
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of aspects and embodiments), and should not be improperly 
interpreted as limiting the scope of the application or claims . 
In this disclosure and during the prosecution of this application, 
the tftrmi no lorry "embodiment" can be used to describe any aspect, 
feature, process or step, any combination thereof, and/or any 
portion thereof, etc. In some examples, various embodiments may 
include overlapping features. In this disclosure and during the 
prosecution of this case, the following abbreviated terminology 
may be employed: "e.g." which means "for example;" and "NB" which 
means "note well." 
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